Abstract. Malarial anemia (MA) is a multifactorial disease for which the complex etiological basis is only partially defined. The association of clinical, nutritional, demographic, and socioeconomic factors with parasitemia, anemia, and MA was determined for children presenting at a hospital in a holoendemic area of Plasmodium falciparum transmission in western Kenya. Parasitemia was not associated with malaria disease severity. In univariate logistic regression, fever was significantly associated with parasitemia, and wasting was associated with increased presentation of MA. Caretaker's level of education and occupation were significantly correlated with parasitemia, anemia, and MA. Housing structure was also significantly associated with parasitemia and anemia. Bed net use was protective against parasitemia but not anemia or MA. Multivariate logistic regression models demonstrated that fever, mother's occupation, and bed net use were associated with parasitemia. In the current study, none of the factors were associated with anemia or MA in the multivariate models.
INTRODUCTION
Human malaria, transmitted by female Anopheles mosquitoes, is a protozoan disease caused by one of four members of the genus Plasmodium: Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, and Plasmodium malariae. 1 Malaria is one of the leading causes of morbidity and mortality of infectious disease origin throughout the world, resulting in 300-500 million clinical cases per annum and approximately 2 million deaths. 2, 3 More than 90% of malaria cases occur in sub-Saharan Africa, with immune-naïve individuals such as children less than 5 years of age bearing the highest disease burden. 3 The majority of malaria-related morbidity and mortality in African children is due to infection with P. falciparum, with the most severe clinical manifestations defined by one or more of the following: hyperparasitemia, hypoglycemia, cerebral malaria (CM), malarial anemia (MA), and respiratory distress. Among these disease sequelae, MA is responsible for the greatest amount of malaria-related morbidity and mortality. 2, 3 In holoendemic areas of P. falciparum transmission, such as western Kenya, malaria prevalence is 83% in children 1 to 4 years of age, with MA [hemoglobin (Hb) < 8.0 g/dL] being the most common clinical manifestation of malaria in this population and CM occurring only in rare cases. 4 The prevalence of anemia in children less than 5 years of age in western Kenya is between 60% and 90%. 4, 5 Although MA can occur as a consequence of repeated cycles of invasion, replication, and ultimately bursting of red blood cells (RBCs) due to the parasite, this form of anemia frequently begins 1 or 2 days after the clinical onset of infection and resolves in approximately 7 days in patients receiving antimalarial treatment. 6 In addition to the direct destruction of RBCs by the parasite, nonparasitized RBCs are also destroyed through increased activity of the reticuloendothelial system. Loss of parasitized and nonparasitized RBCs through host-induced immune responses, in conjunction with immune-mediated suppression of erythropoiesis, result in MA. Previous large-scale studies in Senegal, Ghana, Nigeria, and Kenya have offered important insight into the complex factors that govern the pathogenesis of MA. 4, 5, [7] [8] [9] The severity of MA is multifactorial and influenced by hemoglobinopathies, nutritional deficiencies, and coinfection with bacteremia and HIV. [10] [11] [12] Additional variables such as sociodemographic factors influence the prevalence and outcomes of MA. [13] [14] [15] [16] Building upon knowledge gained from previous investigations, 4, 5, [7] [8] [9] we designed a hospital-based study to address the complex etiologies of MA in infants and young children in a holoendemic area of malaria transmission: Siaya District, Nyanza Province, western Kenya. The current manuscript describes the study location and cross-sectional analyses of the child risk factors and sociodemographic indicators associated with parasitemia, anemia, and MA upon presentation at hospital during the first year of the activities (August 2003 to August 2004).
MATERIALS AND METHODS

Study area.
The ongoing studies are conducted in Siaya District, Nyanza Province, western Kenya, and the surrounding community (Figure 1 ). Siaya District has an equatorial climate 1,140 to 1,430 m above sea level. The southern part of the district is relatively dry compared with the northern and eastern parts, with annual rainfall between 800 to 2,000 mm that drains into Lake Victoria. The average annual temperatures range from 15°C to 30°C. 17 The population is ∼500,000 people, with 81,304 children less than 5 years of age. The annual population growth rate is 0.9%, 18 while infant and under-5-years mortality rates are 176 of 1,000 (17.6%) and 257 of 1,000 (25.7%), respectively.
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Malaria is the primary cause of childhood morbidity and mortality. The mosquito vectors in this area are Anopheles gambiae s.s., Anopheles arabiensis, and Anopheles funestus. 20 Falciparum malaria transmission is holoendemic with residents receiving 100-300 infective mosquito bites per annum. 4 The most intense malaria transmission occurs during the seasonal rainfalls in April to August and November to January. 21 Inhabitants of the study area are predominantly of the Luo ethnic tribe (>96%), with the population being culturally homogeneous. 4 Although marriage is exogamous and polygamy is practiced, there are large numbers of women-led households. The poverty level is estimated at 58.02%.
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Clinical facilities. The ongoing studies are based at the pediatric ward of the Siaya District Hospital (SDH), in Siaya District, Nyanza Province, western Kenya, and the surrounding community. SDH is a 260-bed hospital with a 60-bed pediatric unit and is the only major hospital serving the Siaya District. The University of Pittsburgh/KEMRI clinical laboratories are located directly adjacent to the pediatric ward, while the molecular-based laboratories are located 67 km away at the Center for Vector Biology and Control Research in Kisian (Figure 1 ). The pediatric unit admits ∼8 patients per day, which doubles during peak malaria transmission seasons.
The average length of stay on the ward is between 2 to 3 days. Total admissions to the pediatric unit for the year 2003 were 3,538 children with a hospital mortality of approximately 10% (364 children). 18 The four leading diseases accounting for the majority of in-patient morbidity at the SDH for the year 2003 were malaria (31.6%), anemia (10.4%), pneumonia (8.6%), and diarrheal diseases (5.8%). 18 Earlier studies reported that a third of all pediatric admissions to SDH had Hb levels of <5.0 g/dL that accounted for half of all pediatric hospital deaths. 22 About 12% of children aged less than 5 years old were reported to die at home within 8 weeks after hospital admission, 32% being malaria-associated cases.
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Study design and participants. Children of both sexes aged 0 to 3 years visiting the hospital with symptoms of malaria were eligible for enrollment. After the parent/guardian of the child consented to participate in the study, a questionnaire was used to collect relevant demographic and clinical information. Because we were interested in enrolling children with minimal prior exposure to malaria, first hospital contacts were selected for enrollment. As such, the majority of children recruited into the study were less than 1 year of age at the time of enrollment. If the child had previously been hospitalized in his or her lifetime or there was reported antimalarial use within the past 2 weeks, he or she was not eligible for participation in the study. This enrollment strategy was used because malaria is the primary cause of pediatric hospitalization in this area and prior antimalarial use can affect the immunologic and outcome variables that will be assessed at a later date. Children with CM, an exceedingly rare event in this high-transmission setting, were excluded from enrollment.
Heel/finger-prick blood (<100 L) was used to determine parasitemia and Hb status. Based on the results of Hb and parasitemia status, children were placed into one of the six case definitions listed in Table 1 . Healthy controls were recruited from the Maternal/Child Health Clinic at SDH during presentation at hospital for childhood vaccinations. Not all children in the non-SMA groups were hospitalized even though they presented at hospital for management of childhood illnesses. Anemia was defined as Hb < 11.0 g/dL, a standard definition for children less than 5 years of age in developing nations. 24 Definitions of mild, moderate, and severe anemia were based on previous large-scale studies examining the distribution of Hb concentrations in children less than 5 years of age in western Kenya and Northern Ghana. 4, 5, [7] [8] [9] Children were treated according to Ministry of Health, Kenya (MOH) guidelines, which included the use of Coartem (Artemether and Lumefantrin combination) for uncomplicated malaria, while intravenous quinine was used to treat severe clinical malaria. Supportive care including hematinics and blood transfusions were administered according to the MOH guidelines. Human subjects approval for the investigations was obtained from the University of Pittsburgh and KEMRI, and the clinical protocol was approved by the National Institutes of Health.
Hematological measurements. Peripheral blood smears were prepared and stained with Giemsa reagent and examined under oil immersion for malaria parasites. Asexual malaria parasites were counted against 300 leukocytes and parasite densities estimated assuming a count of 8,000 white blood cells per microliter of blood. Screening for Hb levels was performed on heel/finger-prick blood using a HemoCue system (HemoCue AB, Angelholm, Sweden). For additional laboratory evaluations, peripheral blood was collected into Vacutainer tubes containing EDTA as an anticoagulant, and Vacutainer tubes without anticoagulants for plasma and serum measurements, respectively (Becton-Dickinson, San Diego, CA). Complete blood counts were performed with a Beckman Coulter AcT diff2 (Beckman-Coulter Corporation, Miami, FL).
Nutritional status. The nutritional status of the children was also determined during their enrollment and whenever they presented to the hospital during the follow-up visits. Weight, height, head, and mid upper-arm circumference (MUAC) measurements were taken for use in the determination of whether the children were wasted, stunted, or underweight, based on Z-scores < −2. The weight measurements were taken using a Salter scale to the nearest 0.1 kg for children over 10 kg and to the nearest 0.01 kg for children under 10 kg. Height measurements were made to the nearest 0.1 cm in a recumbent position for children under 2 years of age and in the standing position for children greater than 2 years of age. Height-for-age (stunting), weight-for-height (wasting), and weight-for-age (underweight) Z-scores were calculated using growth reference curves developed by the National Center for Health Statistics (NCHS) using Epi Info 6.04 (CDC, Atlanta, GA).
Data management. A computer-based health information system was developed in partnership with Baobab Health Partnership, Inc. (Pittsburgh, PA) to establish an Electronic Medical Records (EMR) system to support the research activities. All information for the questionnaires related to the demographic and clinical data were electronically recorded with the EMR system. Five touch-screen workstations located on the pediatric ward were connected to a server through an Ethernet network. All data entered into the networked system were analyzed for consistency by separate individuals in the United States and Kenya, and any discrepancies identified were sent back to the field site for validation and/or correction. Hard copies for all of the questionnaires and laboratory data were also compared against data entered into the EMR system.
Statistical analyses. All statistical analyses were performed using Minitab (Minitab Release 13.32, Minitab Inc.). KruskalWallis tests were used for multiple group comparisons. Those groups that were significantly different by Kruskal-Wallis tests were then compared by Mann-Whitney U tests for pairwise analyses (statistical significance set at P Յ 0.05, corrected for multiple comparisons). Differences between proportions were determined using 2 analyses. Logistic regression, controlling for age and gender, was used to assess determinants Definition upon recruitment into the study Healthy controls (HC) Children with a malaria-negative smear for P. falciparum parasitemia, Hb Ն 11.0 g/dL, free of fever or diarrhea for the past 14 days, and no prior hospitalizations. Hospitalized controls (HosC)
Children with a malaria-negative smear for P. falciparum parasitemia and Hb < 11.0 g/dL that presented at hospital for clinical management of nonmalarial diseases. Uncomplicated malaria (UM)
Children with a malaria-positive smear for P. falciparum parasitemia (of any density), absence of anemia (i.e., Hb > 11.0 g/dL), and free from the symptoms of severe malaria, such as hypoglycemia. Mild malarial anemia (MlMA)
Children with a malaria-positive smear for P. falciparum parasitemia (of any density), Hb of 8.0-10.9 g/dL, and free from the symptoms of severe malaria, such as hypoglycemia. Moderate malarial anemia (MdMA)
Children with a malaria-positive smear for P. falciparum parasitemia (of any density), Hb of 6.1-7.9 g/dL, and free from the symptoms of severe malaria such as hypoglycemia. Severe malarial anemia (SMA)
Children with a malaria-positive smear for asexual P. falciparum parasitemia (of any density) and Hb Յ 6.0 g/dL. Children with cerebral malaria, a rare event in high transmission settings, were excluded from the study.
of parasitemia, anemia, or MA (statistical significance set at P Յ 0.05). Determinants found to be correlated at the 90% confidence level (P Յ 0.10) in the univariate analysis were included in multivariate logistic regression models for parasitemia, anemia, or MA controlled for age and gender. For identifying factors associated parasitemia, any density of malaria parasitemia was included in the analyses, because concomitant parasitemia levels are not predictive of malaria disease severity in this area. 5 Determination of factors associated with anemia were based on Hb < 11.0 g/dL (in the presence or absence of malaria parasitemia), while the definition of MA was Hb < 8.0 g/dL with any density of malaria parasitemia, as this categorization identifies those children with the greatest degree of malaria-related morbidity and mortality. 25 Table 1 ). The mean age of the children upon enrollment was 11.6 ± 0.3 months (mean ± SEM), and 61.2% (227 of 371) of the children were less than 12 months of age. Although children in the SMA group were younger relative to the other groups, the difference in age between all of the groups was not significantly different (P ‫ס‬ 0.07; Table 2 ). The enrolled population was composed of 200 males (53.9%) and 171 females (46.1%) with 99% of the children belonging to the Luo ethnic group. The proportion of males and females in the different categories was not significantly different (P ‫ס‬ 0.20; Table 2 ). The mean axillary temperatures (°C) between the groups were significantly different (P < 0.001; Table 2 ), and relative to the HC group were significantly elevated in the UM, MlMA, MdMA, and SMA groups (P < 0.05 for all groups, corrected for multiple comparisons; Table 2 ).
RESULTS
Description
Presentation of anemia and parasitemia. The primary variables for recruitment into the study were Hb concentrations and peripheral parasitemia prior to antimalarial treatment and/or transfusion. The means of Hb concentrations for the different groups were HC (11.76 ± 0.12, SEM), HosC (8.94 ± 0.22), UM (11.51 ± 0.14), MlMA (9.11 ± 0.08), MdMA (6.94 ± 0.06), and SMA (5.02 ± 0.09; Table 2 ). The density of parasitemia (parasites/L) was highest in the UM group (49,697 ± 10,457) and lowest in the SMA group (26,070 ± 4,179), however, parasite densities between the UM, MlMA, MdMA, and SMA groups were not significantly different (P ‫ס‬ 0.17; Table 2 ). Geometric mean parasitemias in the malaria positive children were UM (23,771), MlMA (12,858), MdMA (15, 493) , and SMA (12,142; Table 2 ). The proportion of children with high-density parasitemia (Ն 10,000 parasite/L) was not significantly different between the groups (P ‫ס‬ 0.35; Table 2 ).
Nutritional status. To investigate the association between nutritional status and malaria disease severity, height-for-age (stunting), weight-for-height (wasting), and weight-for-age (under-weight) Z-scores were calculated for all children. Overall, 17.1% (61 of 357) were stunted, 15.4% (55 of 357) were wasted, and 25.8% (92 of 357) of the children were underweight. Analysis of the nutritional indices revealed that there were no significant differences between the groups with respect to stunting (P ‫ס‬ 0.64), wasting (P ‫ס‬ 0.15), and underweight (P ‫ס‬ 0.71; Table 2 ). However, children with the most severe disease (i.e., the MdMA and the SMA groups) had the highest proportion of stunted children ( Table 2 ). The proportion of wasted children was highest in the HosC and SMA groups and was approximately threefold lower in the HC and UM groups ( Table 2 ). The proportion of underweight children was highest in the MdMA group and lowest in the UM group (Table 2) . 
Sociodemographic indicators. Parental educational level.
A questionnaire was administered to the parents/guardians of the children upon enrollment to assess sociodemographic factors associated with MA. The formal educational level of the parents/guardians was classified as no education (none), 7 years of education (primary), 11 years of education (secondary), 13 years of education (high), and training after 13 years of education (tertiary). Analyses of the parent/guardian educational levels revealed that 3% had none, 81% had primary, 11% had secondary, 3% had high, and 2% had tertiary levels of education. To determine the association of education level with MA, the education level was divided into less than primary (i.e., no education or primary) and greater than primary (i.e., secondary, high, and tertiary education). When stratified according to disease severity, there was a significant difference in parent/guardian educational levels (P < 0.001; Table 3 ).
Parental occupational status. The occupation status of the parents/guardians of the children was categorized based on the occupation of the head of the household and for the mothers of the participants if the mother was not the head of household. The majority of the children (90%, 243 of 374) were brought to the hospital by their mothers. The main occupation of the head of household was farming (33.9%, 121 of 357), tradesman/craftsman (36.1%, 129 of 357), professional (9.5%, 34 of 357), businessman (11.8%, 42 of 357), or others (25.0%, 7 of 28). Relative to farmer, head of household occupation of tradesman, professional, businessman, and other was significantly different between the groups (P < 0.01, P < 0.001, P ‫ס‬ 0.04, and P ‫ס‬ 0.01, respectively; Table 3 ).
Subclassification of the data according to the mother's occupation illustrated that 40.6% (140 of 345) of the mothers were farmers, 29.0% (100 of 345) were housewives, and 30.4% (105 of 345) did not fall into these categories. Relative to farmer, mother's occupation of housewife and other was significantly different between the groups (P < 0.001 and P < 0.001, respectively; Table 3 ).
Housing structures. Determination of the housing structures was based on the type of wall (i.e., brick or mud) and roofing material (i.e., iron-sheets or grass-thatched) used in construction of the house. The majority of houses (72.3%, 266 of 368) had mud walls and 27.7% (102 of 368) of the houses were constructed from bricks. Approximately half of the houses (50.5%, 186 of 368) had grass-thatched roofs, while 48.6% (179 of 368) contained iron-sheet roofs and 0.9% (3 of 368) had roofs constructed from other materials (i.e., asbestos or tin). In addition, the type of windows in the houses was also determined, which was categorized as screened windows (54.9%, 202 of 368), no windows (37.8%, 139 of 368), or unscreened windows (7.3%, 27 of 368). Wall, roof, and window type were significantly different between the groups (P < 0.001, P < 0.001, and P ‫ס‬ 0.02, respectively; Table 3 ).
Mosquito control methods. Assessment of the different methods used for mosquito control revealed that more than half (54.7%, 203 of 371) of the households did not use any method of mosquito control. Thirty-five percent (35.0%, 130 of 371) of the households reported bed net usage, 10.2% (38 of 371) burned mosquito coils, and 0.8% (3 of 371) used insecticide sprays. There was no other mosquito control measure reported being used in the households. Between the groups, bed net use was significantly different (P ‫ס‬ 0.02), however, mosquito coil use was not significantly different (P ‫ס‬ 0.39; Table 3 ). Child factors associated with parasitemia, anemia, and MA. To determine the ability of child factors and socioeconomic indicators to predict parasitemia, anemia, or MA, univariate and multivariate analyses were performed. For assessing the factors associated with parasitemia (any density) or anemia (Hb < 11.0 g/dL, with or without parasitemia), all children were included in the analyses. Determination of the factors that predict MA included all children with any density peripheral parasitemia (N ‫ס‬ 279) in the analyses.
Analyses of clinical and child factors revealed that gender was not associated with parasitemia (P ‫ס‬ 0.89) or anemia (P ‫ס‬ 0.30) but was of borderline significance with MA (P ‫ס‬ 0.06), with males being at greater risk (Table 4 ). An elevated axillary temperature (>37.5°C) was associated with an increased risk of parasitemia (P < 0.001), but not with anemia (P ‫ס‬ 0.34) or MA (P ‫ס‬ 0.97; Table 4 ). Elevated temperature was associated with parasitemia in the multivariate model (P < 0.01; see Table 6 ). Stunting (height-for-age), wasting (weight-for-height), and underweight (weight-for-age) were not associated with parasitemia (P ‫ס‬ 0.35, P ‫ס‬ 0.82, and P ‫ס‬ 0.61, respectively) or anemia (P ‫ס‬ 0.97, P ‫ס‬ 0.11, and P ‫ס‬ 0.79, respectively; Table 4 ). Stunting and underweight were not associated with MA (P ‫ס‬ 0.20 and P ‫ס‬ 0.52, respectively), however, wasting was significantly associated with MA in the univariate analysis (P ‫ס‬ 0.04; Table 4 ). Wasting was not associated with MA in the multivariate model (P ‫ס‬ 0.68; see Table 6 ).
Sociodemographic indicators associated with parasitemia, anemia, and malarial anemia. Parental educational level and occupational status. Table 5 shows the socioeconomic risk factors associated independently with malaria parasitemia, anemia, or MA by univariate analysis, and Table 6 shows the same factors after multivariate analysis. To examine the association of caretaker education level with parasitemia, anemia, or MA, the education levels were dichotomized into less than or equal to primary level (83.7%, 292 of 349) and greater than primary level (16.3%, 57 of 349). In a univariate analysis, education level greater than primary was protective from parasitemia (P < 0.001) and MA (P ‫ס‬ 0.03), but not anemia (P ‫ס‬ 0.54; Table 5 ). Education level was not significantly associated with parasitemia or MA in their respective multivariate models (P ‫ס‬ 0.09 and P ‫ס‬ 0.16, respectively; Table 6 ).
Relative to farmer, a head of household occupation of professional, businessman, or other was protective from parasitemia in a univariate analysis (P < 0.01, P ‫ס‬ 0.02, and P < 0.01, respectively; Table 5 ); however, the head of household occupation was not significantly associated with protection from parasitemia in a multivariate analysis (P ‫ס‬ 0.83; Table 6 ). Head of household occupation was not significantly associated with protection from anemia (Table 5) . In a univariate analysis, a head of household occupation of professional and businessman were protective from MA (P ‫ס‬ 0.04 and P < 0.01, respectively; Table 5 ); however, head of household occupation was not significant in the multivariate model (P ‫ס‬ 0.18; Table 6 ).
For mother's occupation, housewives and other occupations were associated with protection from parasitemia in a univariate analysis (P < 0.001 and P < 0.001, respectively; Table 5 ), and in the multivariate model (P ‫ס‬ 0.03; Table 6 ). Relative to farmers, housewives were associated with protection from anemia (P ‫ס‬ 0.04) and MA (P < 0.01) in a univariate analysis (Table 5) but not in the multivariate models (P ‫ס‬ 0.98 and P ‫ס‬ 0.47, respectively; Table 6 ).
Housing structures. Univariate analysis of housing structure illustrated that wall type (brick versus mud) was associated with protection from childhood parasitemia (P < 0.001) and anemia (P < 0.01; Table 5 ); however, there was no association of wall type with parasitemia (P ‫ס‬ 0.09) or anemia (P ‫ס‬ 0.27) in the multivariate models (Table 6 ). Brick walls were not protective for MA in a univariate or multivariate analysis (P ‫ס‬ 0.07 and P ‫ס‬ 0.11, respectively; Table 5 and Table 6 ).
Roof type (iron versus grass-thatched) was protective for parasitemia (P < 0.01) and anemia (P < 0.01) in a univariate analysis (Table 5) but not in the multivariate models for parasitemia (P ‫ס‬ 0.93) or anemia (P ‫ס‬ 0.10; Table 6 ). Roof type was not associated with MA in the univariate analysis (P ‫ס‬ 0.14; Table 5 ).
In assessing the impact of window type on predisposition to malaria infection, screened windows were not protective versus unscreened windows for parasitemia (P ‫ס‬ 0.17), anemia (P ‫ס‬ 0.31), or MA (P ‫ס‬ 0.94; Table 5 ). Screened windows were protective versus having no windows for parasitemia (P < 0.01) but not for anemia (P ‫ס‬ 0.16) or MA (P ‫ס‬ 0.55; Table  5 ). In the multivariate model for parasitemia, windows were categorized into screened (54.9%, 202 of 368) and unscreened/none (included both unscreened and none, 45.1%, 166 of 368). Window type was not protective for parasitemia in the multivariate model (P ‫ס‬ 0.83; Table 6 ).
Mosquito control methods. Use of bed nets was associated with protection from parasitemia (P < 0.001) but not anemia (P ‫ס‬ 0.61) or MA (P ‫ס‬ 0.13; Table 5 ). In the multivariate model for parasitemia, bed net use was protective (P < 0.01; Table 6 ). Mosquito coil use was not associated with parasitemia (P ‫ס‬ 0.18), anemia (P ‫ס‬ 0.09), or MA (P ‫ס‬ 0.36; Table   TABLE 4 Univariate analysis of clinical and child risk factors associated with parasitemia, anemia, or malarial anemia Associations of child risk factors with parasitemia, anemia (Hb Յ 11.0 g/dL, in the absence or presence of parasitemia), or malarial anemia (Hb Յ 8.0 g/dL, in the presence of parasitemia) were determined by univariate analysis. 5), and was not associated with anemia in the multivariate model (P ‫ס‬ 0.13; Table 6 ).
DISCUSSION
Childhood MA is one of the leading causes of morbidity and mortality in endemic areas of P. falciparum transmission, particularly in regions of holoendemicity. 5, 26, 27 Improved understanding of the etiological factors that govern disease severity will aid in the rational design of appropriate management strategies. Because anemia likely represents a continuum of disease that does not fall into discrete categories with distinctly associated clinical features, the current study includes children with varying degrees of MA (i.e., from mild to severe MA).
Children enrolled in the study were predominantly (>99%) from the Luo ethnic group. The homogeneity of the current population should be advantageous for conducting host genetic investigations to identify factors that condition the outcomes and susceptibility to SMA. The study population evaluated here consisted of more males than females, as was previously reported for other hospital-based studies in malaria endemic areas. 14, 15, 28 The reason for the higher number of male than female children may be due to household-level gender bias, 14, 29 suggesting that hospital-based sampling may not reflect the overall malaria disease burden within the community. However, a recent community-based study of severe anemia in northern Ghana reported higher rates of anemia in male than female children. 30 In the current study, males also had an increased risk of developing MA that approached significance (P ‫ס‬ 0.06). Previous results illustrate that fever is not predictive of malaria disease severity in African children presenting at hospital. 31 Although fever was associated with parasitemia in the univariate and multivariate analyses, there was no correlation with either anemia or MA. The current study also demonstrates that malaria parasitemia upon presentation at the hospital is not associated with disease severity in infants and young children residing in areas with high malaria transmission intensity. This observation is supported by several studies illustrating that the risk of developing MA is associated with a history of malaria parasitemia but is not correlated with the concurrent parasitemia. 5, 15 Thus, caretakers may be able to identify the signs and symptoms of malaria parasitemia (i.e., fever) and seek treatment at hospital, while the signs and symptoms of anemia may not be as apparent.
The prevalence of stunting observed in this study (17.1%) was lower than that reported in eastern Kenya (39%), Asembo Bay, western Kenya (24.8% and 30%), and Nyanza province, western Kenya (33%). [32] [33] [34] These community-based studies observed that stunting increased with age and peaked at ages 12-23 months 33 and 18-23 months. 34 The low prevalence of stunting observed in our study population may, therefore, be attributed to the younger age of the study population in which more than 60% of the children were less than 1 year of age. The prevalence of underweight children in the study was comparable to those reported previously. 32, 34 However, the prevalence of wasting, particularly in the HosC and SMA groups, was higher than that reported in previous studies. [32] [33] [34] Because wasting is considered a manifestation of acute malnutrition, whereas stunting represents long-term malnutrition, 35, 36 the high prevalence of wasted children in the HosC and SMA groups suggests that acute nutritional deficiencies may predispose children to more severe anemia. This is further illustrated by the significant association of wasting with MA in the univariate analysis.
Several studies have demonstrated associations between socioeconomic factors and malaria parasitemia and/or anemia. [13] [14] [15] [16] In agreement with previous studies in a similar area of western Kenya, 4 the majority of caretakers in the current study had <8 years education, which was predictive of parasitemia and MA, but not anemia. However, the multivariate models for parasitemia and MA illustrated that caretaker education level was not a significant predictive factor. Head of household and mother's occupation as a farmer was associated with increased parasitemia and MA but not anemia. Analyses of these variables in the multivariate models revealed that only mother's occupation was significantly associated with increased risk of parasitemia. This observation may reflect the fact that mothers who are farmers spend more time away from their children while working in the fields than those with other occupations.
A recent study in western Kenya observed that brickwalled houses are 9 times more expensive than mud-walled houses, and iron-sheet roofs were 2.5 times more expensive than grass-thatched roofs. 37 In univariate analyses, children residing in houses with brick walls or iron-sheet roofs were protected from parasitemia and anemia, supporting the hypothesis that relative wealth is an important variable for the prevalence of malaria and anemia. However, house structure was not associated with parasitemia or anemia in the multivariate models. These results are consistent with previous studies illustrating that sociodemographic indicators are not strong predictors of childhood anemia and MA. 13, 38 Use of bed nets has been reported to reduce malariarelated morbidity and mortality. [39] [40] [41] Consistent with these reports, bed net use was associated with protection from parasitemia in both univariate and multivariate analyses but was not predictive of either anemia or MA. It is important to note that information about whether the nets were appropriately treated with insecticides was not available. However, the fact that bed net use was strongly associated with protection against parasitemia, but not anemia or MA, provides support for the notion that differences in the host-immune response to P. falciparum are important determinants of disease severity to acute malaria. Because the influence of important host cofactors in the development of MA (e.g., hemoglobinopathies, coinfection, etc.) were not included in our current models, these factors will need to be examined in future analyses.
Results presented here in 374 children have identified the most prominent factors associated with parasitemia, anemia, and MA. It is possible that inclusion of more study participants would yield statistically significant results for some of the measures reported here that are currently non-significant. For example, "use of mosquito coils" as shown in Table 6 has a large odds ratio (4.71), but remains statistically nonsignificant (P = 0.13), indicating a relatively small effect size for this particular independent variable. We, therefore, propose that it is important to assess the general effect size of specific independent variables based on such a comparison of the final odds ratio to level of statistical significance.
Taken together, results presented here illustrate that bed net use, temperature, and mother's occupation are predictive of childhood parasitemia. However, none of the childhood factors or sociodemographic indicators were able to predict either anemia or MA. Although it is currently unclear if results presented here in the hospital-based study are representative of parasitemia and MA within the community, by recruiting children at hospital, we have likely identified those children at greatest risk for malaria-associated morbidity and mortality. Additional investigations within the community and studies aimed at determining the role of host and parasite factors in the development and outcomes of MA may aid in reducing this significant public health burden.
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